Introduction
It is well known that the oxidative deteri oration of fats and oils is greatly enhanced by light, especially in the presence of chlorophyll (Chl)s. Our previous reports"'Z' have shown that the four pigments of Chl and pheophytin (Phy) are present, in general, in concentrations of 0.06 to 0.3 ppm in refined edible plant oils and a high proportion of the pigments, over 800, was observed to be Phy. In addition, Phy showed a higher prooxidant activity and higher stability through the photooxidation of triglycerides than did Chl3'"5'. Therefore, it was concluded that the Phy .content must be noted, when considering the oxidative stability of edible oils.
In order to reduce the Phy level in oils and to improve their quality, it is necessary to understand the reasons for the high proportion of Phy in refined edible oils. It is interesting to see if a high proportion of Phy are present in oil seeds, or if it is caused during produc= tion processing. In this study, the compositi onal changes occuring in Chl and Phy during extraction and some of the oil refining processes were evaluated by photofluorometric analysis.
Experimentals

Extraction of oils
Oil was extracted from Canola seed with 6 kinds of organic solvent. That is, 3g of Canola seeds (moisture content 5.8%) were homogeY nixed in 20 mL of organic solvent for 10 s using an ULTRA TURRAX (Janke & Kunkel KO Ika-Werk), and filtered with suction and washed. Oil yields, phosphorus content6~, and concentration and composition of Chi pigments of this crude extracted oil were then evaluated.
Moreover, Canola seed oil was extracted with n-hexane for different extraction times and different temperatures, followed by a similar analysis of the pigment composition by the photofluorometrie method2'.
Acid treatment
of oils Three kinds of 10% (wt/wt) acid aqueous solution (oxalic, citric and phosphoric acids) were added to 25 g of methyl linoleate with 2, 2 x 10-' mol of Chl a, to the level of 0. 2%, and heated at 80°C with mixing. In addition, phosphoric acid aqueous solution was added to two kinds of crude rapeseed oil to the same concentration and treated in a similar manner.
Results and Discussion
Composition
of chlorophyll pig ments of oils extracted with several solvents First, how the pigment composition of an extracted oil would vary kind with of organic solvent used was investigated. As shown in Table-1, the proportion of Phy reached 970 in oil extracted with n-hexane, while it was 38% in the hexane-ethanol (3: 1) extract, and 13% in the chlorof orm--methnol (2: 1) extract. When the residue after extraction with nhexane was further treated with chloroformmethanol, the Phy was only 3%. This result indicated that in the oil seeds Chl is present in a much higher proportion, over 90% of pigments, and the use of a polar solvent increased the proportion of Chl in the crude oil. Next, by the addition of surfactant to the solvents to the 1 % level, variation in Chl composition was investigated.
Addition of Triton X-100 caused an increase in the pros portion of Chl (cable-2).
In this Table, the total pigment concentration after the addition of surfactant is indicated as being lower than that without surfactant. This seemed to be caused by surfactant remaining in the oils.
It is generally believed that Chl is bound to protein in the chloroplast lamellae, which is the normal location for Chl in plant tissue". From these experimental results, it is presumed that Phy is not situated in the chloroplast lamellae and are released into stroma in the process of catabolism, so that the use of nhexane as a solvent is seen to reduce the exc traction of Chl from oil seeds. A number of oil seeds extraction processes employing isopropyl alcohol and ethyl alcohol as solvents have been tried on a laboratory scale, mainly from the standpoint of oil yield and quality of def atted protein. However, there has been no report on the pigment composition in oil extracted by a mixed solvent The heat treatment of seeds during the extraction process is thought to be a second reason for the high proportion of Phy, because Chl decomposes or partly changes to Phy on heatinge''9'. Johansson and Appelgvist'Q' re ported that the drying of the moist seeds caused a transformation of some Chl to Phy.
After extraction of oil from Canola seed with 3 kinds of solvent for different extraction times and at different temperatures, the Chl composition of the crude oils was analyzed (Fig.-1) .
A high proportion of Chl was observed in oil extracted in hexane for 2 h, compared with that extracted for 0.5 h, or at 60°C, compared with that at room temperature. Moreover, with the other solvents, we found a similar tendency, although a high proportion of Chl was observed, even in extraction at room temperature.
The chlorophyll composition of crude oils obtained from rapeseed at different tempera= tares and for different pre-heating times was investigated. Before extraction with n-hexane, rapeseeds were heated at 40 to 105°C for 30 to 90 min (Fig.-2) .
The results suggest that the proportion of Chi increased during heating below 60°C, while on heating at higher temc peratures, as indicated in the 105°C case, a portion of the Chl in the rapeseed decomposes or is converted to Phy.
In general, a heating process at 105°C for 30 min, the so-called "cooking", has been widely practiced before solvent extraction in the production of commercial edible oil. Thus, high proportion of the Phy in edible plant oils may be partly caused by heat during the extraction process.
Variation of Chlorophyll CompoY sition with Acid Treatment
It is a well known fact that Chl is converted into Phy, by losing Mg under acidic conditions, and citric or phosphoric acids may often be used in the degumming of crude extracrted oils. Therefore, in order to learn the effect of acid treatment on the Chl composition in oils, we added acid aqueous solutions such as oxalic, citric and phosphoric acids to methyl linoleate with Chl and heated at 80°C.
From the results of compositional analysis of Chl pigments in the methyl linoleate mixc ture treated with 3 kinds of acid aqueous solution, larger amounts of Chl are converted into Phy in proportional to heating time, regardless of the kind of acid (Fig.-3) .
In the next experiment, the effect of phosc phoric acid on crude rapeseed oil extracted with two different solvents was investigated.
As shown in Fig.-4 , a portion of the Chi was converted into Phy with the passage of time during acid treatment of the hexane-ethanol extracts, which contained a relatively high proportion of Chl. On the other hand, there were no changes in the hexane extracts, which contained a high proportion of Phy.
These results suggest that during the dec gumming process part of the Chi may be converted into Phy, in extracted oils with a high proportion of Chi. In our previous paper'', a relatively constant pigment composition in rapeseed oil was observed through a series of the processes in mass production, although one of our co-worv kers observed last year that the adsorption efficiency of the four pigments on a bleaching clay decreased in the following order; Chi a> Phy a> Chl b> Phy b1". It can therefore be presumed that the conversion of Chi to Phy during the heating and acid treatment of seeds or crude oil in the model experiments may be insignificant in practical refining for mass production.
Johansson and Appelgvist1°' reported the content of green pigments in rapeseeds oil (assayed at A670 or "chlorophyll") as effected by seed storage, mode of drying and nature of the extraction solvents. They also inferred a high proportion of Phy in heptane-ethanol (3 : 1) extracts from the decrease in quotient between the peak heights (at 671/536 nm), although the Phy content was not determined quantitatively. Our observations in this ex~-periments confirm their assumption.
To summarize, the results of this study, in the oil seeds, Chl is present in a much higher proportion, over 90% of the pigments, and is bound to protein. In contrast, Phy is present in the free state, so that it is predominantly extracted at a level of over 85% of total pigments with n--hexane. During the extraction and degumming processes, only part of the Chl can be converted in to Phy. However, in the final refined oil, Phy is present in lower concentrations but in the same proportion to Chl as in crude oil, when n-hexane is used as the extraction solvent.
Through these experiments the reasons for the high proportion of Phy in edible plant oils were manifested. We can achieve low levels of Phy in refined oils when extraction is carried out at lower temperatures and when the expoz sure to heat is minimized during the following purification. Moreover, the Chl-free oil can be prepared using column chromatography12' and supercritical gas extraction13>,14~ on a laboratory scale. However, in industrial production, the Chl and Phy levels in the refined oils should be considered from the viewpoint of production cost. 
